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EXTRACTING HEAT FROM AN OBJECT - - 

The present invention relates to an assembly for extracting heat 
from an object. 

5 

The present invention relates generally to extracting heat from 
objects in situations where high rates of heat transfer are required in relatively 
confined spaces with low energy input to extract the heat. 

10 One such situation is the extraction of heat from an array of 

photovoltaic cells in a concentrated solar radiation-based electrical power 
generating system and the present invention is described hereinafter, by way of 
example, in the context of this application but is not limited to this application. 

1 5 Solar radiation-based electrical power generating systems typically 

include: 

(a) a receiver that includes (i) an array of photovoltaic cells that 
convert solar energy into electrical energy and (ii) an electrical circuit for 

20 transferring the electrical energy output of the photovoltaic cells; and 

(b) a means for concentrating solar radiation onto the 
photovoltaic cells of the receiver. 

25 The present invention is applicable particularly, although by no 

means exclusively, to large scale solar radiation-based electrical power generating 
systems of the type described above that are capable of producing substantial 
amounts of electrical power ready for conditioning to at least 20kW of standard 3 
phase 415 volt AC power. 

30 

Applications for such large scale power generating systems include 
remote area power supply for isolated grids, mains grid-connected power, water 
pumping, telecommunications, crude oil pumping, water purification, and 
hydrogen generation. 

35 

One significant issue associated with the development of 
commercially viable solar radiation-based electrical power generating systems of 
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the type described above is being able to extract sufficient heat from the _ 
photovoltaic cell array to facilitate long term performance of materials of the cell 
array in situations in which there is: 

S (a) exposure to extremely high intensity solar radiation capable 

of producing high temperatures, i.e. temperatures considerably above lOOO^C; 

(b) cycling between high and low intensities of solar radiation; 

10 (c) temperature variations between different parts of the cell 

array; and 

(d) different rates of thermal expansion of different materials 
that make up the cell array and associated components. 

15 

In large scale solar radiation-based electrical power generating 
systems of the type described above the photovoltaic cells are exposed to solar 
radiation intensities of at least 200 times the intensity of the Sun during optimum 
operating conditions. In addition, the photovoltaic cells are subjected to 
20 significant cycling between extremely high and low levels of solar radiation and to 
variations in solar radiation intensity across the surface of the receiver. 

International application PCT/AU02/00402 in the name of the 
applicant discloses a receiver of a solar radiation-based electrical power generating 
25 system that includes a plurality of cell modules that are connected together 

electrically. The International application discloses that each module includes a 
plurality of photovoltaic cells and a particular form of an assembly for extracting 
heat from the array of photovoltaic cells. 

30 An object of the present invention is to provide an alternative heat 

extraction assembly for a cell array that makes it possible for the cell array to be 
sufficiently cooled to withstand long term exposure to extremely high intensities of 
solar radiation, cycling between extremely high and low intensities of solar 
radiation, temperature variations between different sections of components of the 

35 modules and the receiver, and different rates of thermal expansion of different 
materials that make up the cell array. 
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In general terms, the present invention provides 
a photovoltaic cell module for a receiver of solar radiation-based electrical power 
generating system. The module includes an assembly for extracting heat from the 
photovoltaic cells. The heat extraction assembly includes a coolant chamber 
5 positioned behind and in thermal contact with the exposed surface of the 

photovoltaic cells. The coolant chamber includes an inlet for a coolant and an 
outlet for heated coolant. The heat extraction assembly also includes a plurality of 
beads, rods, bars or balls of high thermal conductivity material in the coolant 
chamber that are in thermal contact with the photovoltaic cells and each other and 
10 together have a large surface area for heat transfer and define a three dimensional 
labyrinth within the coolant chamber that can conduct heat therethrough away 
from the photovoltaic cell or cells to coolant flowing through the labyrinth from 
the inlet to the outlet of the coolant chamber. 

15 In more specific terms, according to the present invention there is 

provided a photovoltaic cell module for a receiver of solar radiation-based 
electrical power generating system, the module including: 

(a) one or more than one photovoltaic cell having an exposed 
20 surface for solar radiation; 

(b) an electrical connection for transferring the electrical energy 
output of the photovoltaic cell or cells to an output circuit, and 

25 (c) an assembly for extracting heat from the photovoltaic cell or 

cells, the assembly including (i) a housing positioned behind and in thermal contact 
with the exposed surface of the photovoltaic cell or cells, the housong including a 
base and side walls extending from the base, with the base, the side walls and the 
photovoltaic cell or cells defining a coolant chamber, and the housing including an 

30 inlet for supplying a coolant into the chamber and an outlet for discharging the 
coolant from the chamber, and (ii) a coolant member located in the coolant 
chamber in heat transfer relationship with the photovoltaic cell or cells, the 
coolant member including a plurality of beads, rods, bars or balls of high thermal 
conductivity material that are in thermal contact and have a large surface area for 

35 heat transfer and define a three dimensional labyrinth that can conduct heat 

therethrough away from the photovoltaic cell or cells via the substantial number of 
heat transfer pathways formed by the thermally connected beads, rods, bars or 
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balls and has a substantial number of coolant flow passages for a coolant that, in 
use of the module, is supplied to the coolant chamber via the inlet and flows 
through the coolant member and is discharged from the coolant chamber via the 
outlet. 

5 

The invention is a simple, economic, compact, efficient heat sink 
based on a labyrinth of thermally conductive material and voids with optimised 
ratios for heat conductance located within a coolant chamber and capable of 
extracting substantial amounts of heat from the photovoltaic cell/cells. The 

10 labyrinth has a large surface area for high heat transfer to the coolant, an 

optimised void space to facilitate sufficient coolant flow to remove concentrated 
heat energy from the photovoltaic cell/cells with low pressure drop of coolant and 
consequential low coolant pumping power required to circulate the coolant. In 
particular, the heat sink of the invention achieves necessary heat extraction from 

15 the photovoltaic cell/cells within a significant constraint of locating the heat sink 
wholly behind the projected cell area and thereby allowing the exposed receiver 
area to be entirely comprised of photovoltaic cell/cells. This space constraint is not 
encountered with heat sinks used in other non-solar energy applications and is a 
significant constraint in the context of solar radiation-based electrical power 

20 generating systems. 

The applicant has found that the above-described cell module, which 
is characterised by a substantial number of heat transfer pathways formed by the 
thermally contacting beads, rods, bars or balls and the substantial number of 

25 coolant flow passages, is capable of extracting significant amounts of heat 

generated by incident concentrated solar radiation in an economical, efficient and 
reliable manner. In particular, the applicant has found that the labyrinth structure 
of the coolant member makes it possible to direct heat energy progressively away 
from the photovoltaic cell or cells and the beads, rods, bars or balls of high 

30 thermal conductivity material and thereafter to the coolant. 

Thus, the cell module addresses the significant issue that a large 
portion of incident concentrated radiation on photovoltaic cells of receivers of 
large scale solar radiation-based electrical power generating systems is not 
35 converted to electricity and manifests itself as heat that would normally reduce the 
efficiency of photovoltaic cells substantially by increasing their operating 
temperature. 
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In particular, the applicant has found that the above-described cell 
module makes it possible to extract sufficient heat generated by incident 
concentrated solar radiation so that the temperature difference between the inlet 
S coolant temperature and the front faces of the photovoltaic cells is less than 40°C, 
typically less than 30^C, more typically less than 25^C, and in recent test work less 
that 20^C and that this result can be achieved with a low pressure drop of coolant, 
typically less than 100 kPa, typically less than 60 kPa, and more typically less than 
40 kPa across the coolant inlet and coolant outlet of the cell module* The low 
10 pressure drop is an important consideration because it means that it is possible to 
minimise the energy requirements for circulating coolant through the module. 

In one set of specific test work the applicant has found that the 
above-described cell module could be operated to maintain a temperature 

IS difference of 20.5^C between the inlet coolant temperature and the front faces of 
the photovoltaic cells and that under these operating conditions 30 W heat per cm^ 
of exposed surface area of cell was being removed from the above-described cell 
module, 8.1 W electricity per cm^ of exposed cell surface area was generated by the 
module, and 6 W heat per cm^ of exposed surface area of cell was reflected by the 

20 module as infrared radiation. The coolant flow path of the module 23 forms part 
of the coolant circuit. In total, the cell had incident on it and processed a total of 
44.1 W power (in the forms of heat, electricity, and infrared radiation) per cm^ of 
exposed surface area of cell. Normally, an energy density of this level would 
produce temperatures of at least 600°C and at these temperatures the cell would 

25 be destroyed. 

In addition, the applicant has found that the above-described cell 
module can be manufactured relatively inexpensively and with consistent 
performance. 

30 

Preferably the heat extraction assembly is located wholly behind and 
does not extend laterally beyond the exposed surface area of the photovoltaic cell 
or cells. 

35 Preferably the coolant member includes beads, rods, bars or balls of 

high thermal conductivity material that are thermally connected together by 
sintering the beads, rods, bars or balls together. One advantage of sintering over 
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some other options for connecting the beads, rods, bars or balls together is that - 
there is direct contact between the beads, rods, bars or balls and the direct contact 
optimises heat transfer between the beads, rods, bars or balls. 

S Preferably the surface area for heat transfer provided by the beads, 

rods, bars or balls of high thermal conductivity material is at least 5, and more 
preferably at least 10, times the surface area of the front surface of the mass of 
beads, rods, bars or balls of high thermal conductivity material that are in direct 
contact with the substrate. Consequently, the coolant member is a particularly 
10 effective heat transfer member. 

Preferably the coolant member at least substantially occupies the 
volume of the coolant chamber. 

1 5 Preferably the coolant inlet is located in one side wall of the housing 

or in the base of the housing in the region of that side wall and the coolant outlet is 
located in an opposed side wall or in the base in the region of that side wall. 

With this arrangement, preferably the coolant member is shaped so 
20 that the coolant chamber includes a manifold in fluid communication with the 
coolant inlet extending along the inlet side wall and a manifold in fluid 
communication with the coolant outlet extending along the outlet side wall. The 
applicant has found in test work that this arrangement of inlet and outlet 
manifolds ensures that the pressure drop encountered through any flow path 
25 parallel to the plane of the photovoltaic cell or cells is substantially equal thereby 
facilitating even cooling throughout the entire area of the heat sink. This is an 
important issue in situations where the heat extraction assembly is located wholly 
behind and does not extend laterally beyond the surface area of the photovoltaic 
cell or cells. Where the heat sink extends laterally beyond the extent of the device 
30 being cooled, even cooling is not an issue. 

Preferably the housing includes a weir extending upwardly from the 
base inwardly of the inlet side wall and deflning a barrier to coolant flow across 
the coolant chamber from the coolant inlet. 

35 

Preferably the housing includes a weir extending upwardly from the 
base inwardly of the outlet side wall and deflning a barrier to coolant flow from 
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the coolant chamber to the coolant outlet. - - _ 

The applicant has found in test work that the weirs improve the 
distribution of coolant through the coolant chamber and thereby minimise 
5 temperature variations within the chamber and increase the overall thermal 
conductance of the heat extraction assembly. In particular, the weir on the inlet 
side causes preferential flow of coolant from the inlet side away from the base and 
towards the plane of the photovoltaic cell or cells and thereafter parallel to the 
cell/cells towards the weir on the outlet side. The weir on the outlet side 
10 preferentially directs heated coolant flow away from the cell/cells towards the base 
and from the housing. The end result is that the weirs concentrate coolant flow in 
the upper sections of the coolant chamber where maximum higher levels of heat 
extraction are required. 

IS Preferably the beads, rods, bars or balls of the high thermal 

conductivity material have a major dimension of 0.8 - 2.0 mm. 

More preferably the beads, rods, bars or balls of the high thermal 
conductivity material have a major dimension of 0.8 — 1.4 mm. 

20 

Test work carried out by the applicant was based on the use of 
cylindrical rods of 1.2 mm diameter and 1.3 mm length. The rods were formed by 
cutting 1.2 mm diameter electrical wire. 

25 Preferably the packing density of the beads, rods, bars or balls of the 

high thermal conductivity material decreases with distance away from the 
substrate. This feature facilitates heat transfer away from the from the 
photovoltaic cell or cells. 

30 Preferably the coolant flow passages occupy between 20 and 30 % of 

the volume of the coolant member. 

It is noted that in any given situation there is a need to strike a 
balance between the volume occupied by the beads, rods, bars or balls of high 
35 thermal conductivity material (ie the heat sink capacity of the coolant member), 
the amount of surface area for heat transfer provided by the beads, rods, bars or 
balls (ie the capacity of the coolant member to transfer heat to the coolant), and 
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the void space available for flow of the coolant through the coolant member (ie the 
capacity of the coolant member to allow coolant flow therethrough). The volume 
and surface area of the beads, rods, bars or balls and he void space are 
interrelated and may have a competing impact on each other that needs to be 
S considered on a case by case basis when designing a coolant member for a given 
situation. 

Preferably the coolant member acts as a heat sink. 

10 The coolant member may be formed from any suitable high thermal 

conductivity material. 

Preferably the high thermal conductivity material is copper or a 

copper alloy. 

15 

Preferably the copper or a copper alloy is resistant to corrosion 
and/or erosion by the coolant. 

Preferably the cell module includes a substrate on which the 
20 photovotaic cell or cells are mounted and to which the housing is mounted. 

Preferably the substrate is formed from or includes one or more 
than one layer of a material that is an electrical insulator. 

25 Preferably the substrate is formed from a material that has a high 

thermal conductivity. 

One suitable material for the substrate is aluminium nitride. This 
ceramic material is an electrical insulator and has a high thermal conductivity. 

30 

Preferably the substrate includes a metallised layer interposed 
between the photovoltaic cell or cells and the electrical insulator layer or layers. 

Preferably the substrate includes a metallised layer interposed 
35 between the electrical insulator layer or layers and the coolant member. 



According to the present invention there is provided a method of 
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manufacturing-the above-described-photovoltaic cell module that includes: - 

(a) forming the coolant member by supplying a predetermined 
mass of plurality of beads, rods, bars or balls of high thermal conductivity 
material into a mould of a predetermined shape and thereafter heating the beads, 
rods, bars or balls of high thermal conductivity material and sintering the beads, 
rods, bars or balls of together to form the coolant member; 

(b) locating the coolant member in the housing; and 

(c) mounting the photovotaic cell or cells to the housing. 

According to the present invention there is provided a method of 
manufacturing the above-described photovoltaic cell module that includes: 



(a) forming the coolant member by supplying a predetermined 
mass of plurality of beads, rods, bars or balls of high thermal conductivity 
material into the housing and thereafter heating the beads, rods, bars or balls of 
high thermal conductivity material and sintering the beads, rods, bars or balls of 

20 together to form the coolant member within the housing; and 

(b) mounting the photovotaic cell or cells to the housing, for 
example by soldering or sintering the substrate to the housing. 

25 Preferably the above-described methods include grinding the surface 

of the coolant member that forms a contact surface with the substrate to increase 
the surface area of contact between the beads, rods, bars or balls of high thermal 
conductivity material and the substrate. 

30 According to the present invention there is provided a method of 

manufacturing the above-described photovoltaic cell module that includes forming 
the coolant member by supplying a predetermined mass of plurality of beads, rods, 
bars or balls of high thermal conductivity material into the housing and locating 
the substrate on the housing and thereafter heating the beads, rods, bars or balls of 

35 high thermal conductivity material and sintering the beads, rods, bars or balls of 
together to form the coolant member within the housing and bonding the coolant 
member to the housing and the substrate. One advantage of this method is that 
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there is a better thermally conductive connection between the substrate and the 
coolant member than is achieved with a soldered connection. 

According to the present invention there is also provided a system 
5 for generating electrical power from solar radiation which includes: 

(a) a receiver that includes a plurality of photovoltaic cells for 
converting solar energy into electrical energy and an electrical circuit for 
transferring the electrical energy output of the photovoltaic cells; and 

10 

(b) a means for concentrating solar radiation onto the receiver; 

and 

the system being characterised in that the receiver includes a plurality of the 
IS above-described photovoltaic cell modules, an electrical circuit that includes the 
photovoltaic cells of each module, and a coolant circuit that includes the heat 
extraction assembly of each module. 

Preferably in use the coolant maintains the photovoltaic cells at a 
20 temperature of no more than 80^C. 

More preferably in use the coolant maintains the photovoltaic cells 
at a temperature of no more than 70^C. 

25 It is preferred particularly that in use the coolant maintains the 

photovoltaic cells at a temperature of no more than 60^C. 

It is preferred more particularly that in use the coolant maintains 
the photovoltaic cells at a temperature of no more than 40^C. 

30 

Preferably the receiver includes a frame that supports the modules 
in an array of the modules. 

Preferably the support frame supports the modules so that the 
35 photovoltaic cells form an at least substantially continuous surface that is exposed 
to reflected concentrated solar radiation. 
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. _. ^he surface may be flat, culled or stepped in a Fr^^ — 

Preferably the support frame includes a coolant flow path that 
supplies coolant to the coolant inlets of the modules and removes coolant from the 
S coolant outlets of the modules. 

Preferably the coolant is water. 

Preferably the water inlet temperature is as cold as can be obtained 

1 0 reasonably. 

Typically, the water inlet temperature is in the range of 10-30*^C. 
Typically the water outlet temperature is in the range of 20-40^C. 

15 

Preferably the means for concentrating solar radiation onto the 
receiver is a dish reflector that includes an array of mirrors for reflecting solar 
radiation that is incident on the mirrors towards the photovoltaic cells. 

20 Preferably the surface area of the mirrors of the dish reflector that is 

exposed to solar radiation is substantially greater than the surface area of the 
photovoltaic cells that is exposed to reflected solar radiation. 

The present invention is described further by way of example with 
25 reference to the accompanying drawings, of which: 

Figure 1 is a perspective view of a preferred embodiment of a system 
for generating electrical power from solar radiation in accordance with the present 
invention; 

30 

Figure 2 is a front view of the receiver of the system shown in Figure 

✓ 

1 which illustrates the exposed surface area of the photovoltaic cells of the 
receiver; 



35 



Figure 3 is a partially cut-away perspective view of the receiver with 
components removed to illustrate more clearly the coolant circuit that forms part 
of the receiver; 
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Figure 4 is an exploded perspective view of an embodiment of a 
photovoltaic cell module in accordance with the present invention that forms part 
of the receiver; 

5 

Figure 5 is a top plan view of the housing of the cell module shown in 

Figure 4; 

Figure 6 is a section along the line 5-5 of Figure 5; 

10 

Figure 7 is a perspective view of another embodiment of a housing of 
a photovoltaic cell module in accordance with the present invention; 

Figure 8 is a top plan view of the housing shown in Figure 7; and 

15 

Figure 9 is a top plan view of another embodiment of a housing of a 
photovoltaic cell module in accordance with the present invention. 

The solar radiation-based electric power generating system shown in 
20 Figure 1 includes a parabolic array of mirrors 3 that reflects solar radiation that is 
incident on the mirrors towards a plurality of photovoltaic cells 5. 

The cells 5 form part of a solar radiation receiver that is generally 
identified by the numeral 7. 

25 

The general arrangement of the receiver 7 is shown in Figures 2 and 

3. 

Figures 1 to 3 are identical to Figures 1 to 3 of International 
30 application PCT/AU02/00402 and the disclosure in the International application is 
incorporated herein by cross-reference. 

The surface area of the mirrors 3 that is exposed to solar radiation is 
substantially greater than the surface area of the photovoltaic cells 5 that is 
35 exposed to reflected solar radiation. 

The photovoltaic cells 5 convert reflected solar radiation into DC 
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electrical energy. „ ... _ - 

The receiver 7 includes an electrical circuit (not shown) for the 
electrical energy output of the photovoltaic cells. 

The mirrors 3 are mounted to a framework 9. The mirrors and the 
framework define a dish reflector. 

A series of arms 11 extend from the framework 9 to the receiver 7 
and locate the receiver as shown in Figure 1. 

The system further includes: 

(a) a support assembly 13 that supports the dish reflector and the 
receiver in relation to a ground surface and for movement to track the Sun; and 

(b) a tracking system (not shown) that moves the dish reflector 
and the receiver as required to track the Sun. 

The receiver 7 also includes a coolant circuit. The coolant circuit 
cools the photovoltaic cells 5 of the receiver 7 with a coolant, preferably water, in 
order to minimise the operating temperature and to maximise the performance 
(including operating life) of the photovoltaic cells 5. 

The receiver 7 is purpose-built to include the coolant circuit. 

Figures 2 and 3 illustrate components of the receiver that are 
relevant to the coolant circuit. It is noted that a number of other components of 
the receiver 7, such as components that make up the electrical circuit of the 
receiver 7, are not included in the Figures for clarity. 

With reference to Figures 2 and 3, the receiver 7 includes a generally 
box-like structure that is defined by an assembly of hollow posts 15. 

The receiver 7 also includes a solar flux modifler, generally 
identifled by the numeral 19, which extends from a lower wall 99 (as viewed in 
Figure 3) of the box-like structure. The solar flux modifler 19 includes four panels 
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21-that extend_from the lower wall 99 and converge.toward each other. The.solar_ . 

flux modifler 19 also includes mirrors 91 mounted to the inwardly facing sides of 
the panels 21. 

S The receiver 7 also includes an array of 1536 closely packed 

rectangular photovoltaic cells 5 which are mounted to 64 square modules 23. The 
array of cells 5 can best be seen in Figure 2. The term ^'closely packed" means that 
the exposed surface area of the photovoltaic cells 5 makes up at least 98% of the 
total exposed surface area of the array. Each module includes 24 photovoltaic cells 
10 5. The photovoltaic cells 5 are mounted on each module 23 so that the exposed 

surface of the cell array is a continuous surface. It is noted that the heat extraction 
assembly 71 described hereinafter makes it possible to provide a receiver with such 
close packing of photovoltaic cells 5 up to 100%. 

15 The modules 23 are mounted to the lower wall 99 of the box-like 

structure of the receiver 7 so that the exposed surface of the combined array of 
photovoltaic cells 5 is a continuous plane. 

As is described in more detail hereinafter, each module 23 includes a 
20 coolant flow path. The coolant flow path is an integrated part of each module 23. 
The coolant flow path allows coolant to be in thermal contact with the photovoltaic 
cells 5 and extract heat from the cells 5 so that the front faces of the cells 5 are 
maintained at a temperature of no more than 80^C, preferably no more than 60°C, 
more preferably no more than 40^C. 

25 

As is indicated above, in specific test work the applicant 
found that the above-described cell module could be operated to maintain a 
temperature difference of 20.5^C between the inlet coolant temperature and the 
front faces of the photovoltaic cells and that under these operating conditions 30 W 

30 heat per cm^ of exposed surface area of cell was removed from the above-described 
cell module, 8.1 W electricity per cm^ of exposed cell surface area was generated by 
the module, and 6 W heat per cm^ of exposed surface area of cell was reflected by 
the module as infrared radiation. The coolant flow path of the module 23 forms 
part of the coolant circuit. In total, the cell had incident on it and processed a total 

35 of 44.1 W power (in the forms of heat, electricity, and infrared radiation) per cm^ 
of exposed surface area of cell. Normally, an energy density of this level would 
produce temperatures of at least 600°C and at these temperatures the cell would 
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be destroyed — - 

The coolant circuit also includes the above-described hollow posts 

15. 

5 

In addition, the coolant circuit includes a series of parallel coolant 
channels 17 that form part of the lower wall 99 of the box-like structure. The ends 
of the channels 17 are connected to the opposed pair of lower horizontal posts 15 
respectively shown in Figure 3. The lower posts 15 define an upstream header that 

10 distributes coolant to the channels 17 and a downstream header that collects 

coolant from the channels 17. The modules 23 are mounted to the lower surface of 
the channels 17 and are in fluid communication with the channels so that coolant 
flows via the channels 17 into and through the coolant flow passages of the 
modules 23 and back into the channels 17 and thereby cools the photovoltaic cells 

15 5. 



The coolant circuit also includes a coolant inlet 61 and a coolant 
outlet 63. The inlet 61 and the outlet 63 are located in an upper wall of the box- 
like structure. The inlet 61 is connected to the adjacent upper horizontal post 15 
20 and the outlet 63 is connected to the adjacent upper horizontal post 15 as shown in 
Figure 3. 

In use, coolant that is supplied from a source (not shown) flows via 
the inlet 61 into the upper horizontal post 15 connected to the inlet 61 and then 

25 down the vertical posts 15 connected to the upper horizontal post 15. The coolant 
then flows into the upstream lower header 15 and, as is described above, along the 
channels 17 and the coolant flow passages of the modules 23 and into the 
downstream lower header 15. The coolant then flows upwardly through the 
vertical posts 15 that are connected to the downstream lower header 15 and into 

30 the upper horizontal post 15. The coolant is then discharged from the receiver 7 
via the outlet 63. 



Figures 4 to 6 illustrate the basic construction of one embodiment of 
each module 23. 

35 

As is indicated above, each module 23 includes an array of 24 closely 
packed photovoltaic cells 5. 
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Each module 23 includes a substrate, generally identified by the 
numeral 27, on which the cells 5 are mounted. The substrate includes a central 
layer (not shown) of a ceramic material and outer metallised layers (not shown) on 
5 opposite faces of the ceramic material layer. 

Each module 23 also includes a glass cover 37 that is mounted on the 
exposed surface of the array of photovoltaic cells 5. The glass cover 37 may be 
formed to optimise transmission of useful wavelengths of solar radiation and 
10 minimise transmission of un-wanted wavelengths of solar radiation. 

Each module 23 also includes an assembly 71 to facilitate extraction 
of heat from the photovoltaic cells 5. The assembly 71 is formed from a high 
thermal conductivity material. A preferred material is copper. 

15 

The assembly 71 is located wholly behind and therefore has less cross 
sectional area than the exposed surfaces of the photovoltaic cells 5. 

The assembly 71 includes a housing 79 and a coolant member 35 
20 located in the housing. 

The housing 79 includes a base 85 and side walls 87 extending from 
the base. The substrate 27 is mounted on the housing 79, whereby the base 85, the 
side walls 87, and the substrate 27 define a coolant chamber. 

25 

The housing 79 further includes an inlet 91 for supplying a coolant 
such as water into the coolant chamber and an outlet 93 for discharging the 
coolant from the chamber. The inlet 91 is in the form of a circular hole located in 
the base 85 in one corner of the housing 79. The outlet 93 is in the form of a 
30 circular hole located in the base 85 in a diametrically-opposed corner of the 
housing 79. 

The coolant member 35 is shaped to substantially occupy the volume 
of the coolant chamber. The upper surface 75 of the coolant member is formed as 
35 a flat surface and contacts the substrate 27. 



The coolant member 35 includes a plurality of beads, rods, bars or 
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balls of high thermal conductivity material that are sintered and thereby thermally 
connected together and form a porous mass that has a large volume and a large 
surface area for heat transfer. The beads, rods, bars or balls form a substantial 
number of continuous heat transfer pathways that extend through the coolant 
5 member 35. The mass of beads, rods, bars or balls is a porous rather than a solid 
mass and there are spaces between the sintered beads, rods, bars or balls. The 
spaces deflne a substantial number, typically at least 1000, of continuous coolant 
flow passages that extend through the coolant member 35. In overall terms the 
coolant member 35 is in the form of a labyrinth defined by the sintered beads, 
10 rods, bars or balls and the coolant flow passages in the spaces between the sintered 
beads, rods, bars or balls. 

The above arrangement is such that, in use, coolant supplied under 
pressure to the coolant chamber via the coolant inlet 91 flows through the 

15 substantial number of coolant flow passageways in the coolant member 35 and 

discharges from the coolant chamber via the coolant outlet 93. The arrangement is 
such that the substantial number of heat transfer pathways conduct heat away 
from the front faces of the cells 5 and the heat conducted through the pathways is 
transferred to coolant flowing through the substantial number of coolant flow 

20 passageways. 

In any given situation, factors such as the shape and size of the 
beads, rods, bars or balls, the packing density of the beads, rods, bars or balls, the 
volume occupied by the beads, rods, bars or balls, the heat transfer characteristics 
25 of the heat transfer pathways formed by the sintered beads, rods, bars or balls, 
and the volumetric flow rate of coolant through the coolant flow passageways are 
selected having regard to achieving a target rate of extraction of heat from the 
module 23. 

30 The opposed end walls 95 of the coolant member 35 that are in the 

regions of the coolant inlet 91 and the coolant outlet 93 are downwardly tapered so 
that the end walls 95, the base 85 and the side walls 87 define inlet and outlet 
manifolds 45 that are in fluid communication with the coolant inlet and outlet and 
extend along the side walls 87 and therefore can supply coolant to and receive 

35 coolant from the whole of the side walls 95 of the coolant member 35. 

Each module 23 also includes electrical connections (not shown) that 
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form part of the electrical circuit of the receiver 7 and electrically connect the 
photovoltaic cells 5 into the electrical circuit The electrical connections are 
positioned to extend from the outer metallised layer of the substrate 27 and 
through one of two hollow sleeves 83 extending from the base 85 of the housing 79. 

5 

It is evident from the above that the coolant inlet 91, the coolant 
manifolds 45, the coolant flow passageways in the coolant member 35, and the 
coolant outlet 93 define a coolant flow path of each module 23. 

10 As is indicated above, the construction of the coolant member 35 

makes it possible to achieve the high levels of heat transfer that are required to 
maintain the photovoltaic cells 5 at temperatures of no more than 60^C and to 
accommodate substantially different thermal expansion of the coolant member 35 
and the substrate 27 that otherwise would cause structural failure of the modules 

15 23. 

The embodiment of the module 23 shown in Figures 7 and 8 is the 
basic construction shown in Figures 4 to 6 and the same reference numerals are 
used to describe the same parts. 

20 

In addition, the module 23 includes 2 ridges 101 that extend from the 
base 85 inboard of and parallel to the inlet and outlet manifolds 45. The ridges 101 
form a barrier or weir to coolant flow from and to the inlet and outlet manifolds 
45. In general terms, the ridges 101 improve the distribution of coolant through 

25 the coolant chamber and thereby minimise temperature variations within the 
chamber and increase the overall thermal conductance of the heat extraction 
assembly 71. More specifically, coolant is forced to flow over the inlet ridge 101 in 
order to flow through the lower coolant flow passageways in the coolant flow 
member 25 and then over the outlet ridge 101 in order to flow from the lower 

30 coolant flow passageways into the outlet manifold 45. Consequently, the ridges 101 
increase the path length of coolant through the lower coolant flow passageways 
compared to the coolant path length through upper coolant flow passageways. 
The ridges 101 promote greater coolant flow through the upper flow passageways, 
and this is an advantage in terms of optimising heat transfer from the coolant 

35 member 25. 

The embodiment of the module 23 shown in Figure 9 is the basic 
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cdnstruction shown in Figures 7 and 8 and the same reference numerals are used 
to describe the same parts. The main difference between the embodiments is that 
the inlet 91 and the outlet 93 are in the form of slots rather than circular openings. 
The use of slots has been found to be beneficial in certain circumstances in terms 
of improving the distribution of coolant through the coolant chamber. 

There are a number of options for manufacturing the modules 23 
shown in the Figures. 

One option includes separately forming the coolant member 35, 
thereafter positioning the coolant member in the housing 79, and thereafter 
positioning the substrate 27 on the housing/coolant member. In this option, the 
coolant member may be formed by formed in a suitable mould and include 
sintering the mass of beads, rods, bars, balls of high thermal conductivity together. 
Furthermore, in this option the substrate 27 may be soldered onto exposed edges of 
the side walls 87 of the housing 79 and the exposed front face of the coolant 
member 35. 

Another option includes placing a mass of beads, rods, bars, balls of 
high thermal conductivity material directly in the housing 79 and sintering the 
material in situ in the housing, and thereafter sintering the substrate 27 on to the 
assembly of the housing 79 and the coolant member 35. 

Many modifications may be made to the preferred embodiment 
described above without departing from the spirit and scope of the present 
invention. 

By way of example, whilst the preferred embodiment includes 1536 
photovoltaic cells 5 mounted to 64 modules 23 with 24 cells per module, the present 
invention is not so limited and extends to any suitable number and size of 
photovoltaic cells and modules. 

By way of further example, whilst the photovoltaic cells are mounted 
so that the exposed surface of the cell array is a flat surface, the present invention 
is not so limited and extends to any suitable shaped surface, such as curved or 
stepped surfaces. 
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By way of further example, whilst the preferred embodiment - 
includes the receiver coolant circuit that forms part of the support frame of the 
receiver, the present invention is not so limited and extends to arrangements in 
which the coolant circuit is not part of the structural frame of the receiver. 

By way of further example, whilst the preferred embodiment 
includes a dish reflector in the form of an array of parabolic array of mirrors 3, 
the present invention is not so limited and extends to any suitable means of 
concentrating solar radiation onto a receiver. One such suitable means is a series 
of heliostats arranged to focus solar radiation on to a receiver. 

By way of further example, whilst the preferred embodiment of the 
receiver is constructed from extruded components, the present invention is not so 
limited and the receiver may be made by any suitable means. 

By way of further example, whilst the preferred embodiment of the 
coolant member 35 includes a plurality of beads, rods, bars or balls of high 
thermal conductivity material that are sintered and thereby in thermal contact, 
the present invention is not so limited and the beads, rods, bars or balls may be 
connected together thermally in any suitable way. Other options include 
ultrasonic welding, resistance welding, and plasma processing. 

By way of further example, whilst the preferred embodiment is 
described in the context of the extraction of heat from an array of photovoltaic 
cells that are contacted by concentrated sojar radiation, the present invention is 
not so limited and extends to the extraction of heat derived from any source of 
intense radiation. 



